The present work was initiated to investigate how technology of preparation of nanocomposites (Co 45 Fe 45 Zr 10 ) Z(Al 2 O 3 ) 1−Z affects their magneto-optical (MO) properties. The spectral, magnetic field and concentration dependences of the transversal Kerr effect (TKE) have been studied either for bulk or layer-by-layer deposited nanocomposites within a wide range of the ferromagnetic (FM) phase concentrations and for various thicknesses of layers. It was found that the MO response of the layer-by-layer deposited nanocomposites with compositions inside the percolation interval differs essentially from the one of the bulk composites and depends on the layer thicknesses. With decreasing thicknesses of layers the percolation threshold has been shifted towards the lower contents of the FM phase. In addition, it has been established that the size and shape of the granules inside the nanocomposite layer also depends on the layer thickness as well as the microstructure of the layer-by-layer sputtered composites considerably differs from the microstructure of the bulk nanocomposite.
Introduction
The steady current interest to nanostructures is caused by possibility to modify and fundamentally change properties of the known materials when they turn into a nanocrystalline state. New nanodimensional magnetic materials exhibit a number of extraordinary properties: a giant magnetoresistance (GMR), giant magnetic impedance (GMI) [1] , anomalous Hall effect (AHE) [2] , strong magnetooptical (MO) response [3] and anomalous optical effects [4] . All these phenomena open vast prospects both for fundamental investigations and most promising possibilities for their applications. Wide use of nanocomposites as magnetic layers in multilayer structures ferromagnet/semiconductor [5, 6] for reduction of diffusion on the metal-semiconductor interfaces requires both optimization of their compositions and technologies of manufacturing film nanocomposites and investigation how their microstructure affects their electrical, magnetic and optical properties.
The properties of nanocomposites depend critically on their composition and microstructure, particularly on the size of the granules, their distribution by volume of the sample, on the magnetic phase concentration and interface properties. That is why optical and MO investigation techniques are of much interest, since they possess a number of advantages, the main of which is that these methods are sensitive to presence of magnetic heterogeneities, to changes of particle shape and size, their threedimensional distribution and appearance of new magnetic phases. This is confirmed by recent investigations of optical and MO spectra of granular systems [4, [7] [8] [9] [10] [11] [12] [13] , that revealed many particularities of linear and non-linear optical and MO Kerr effect and many other properties.
In the present publication we compare MO properties of the thin-film nanocomposites, prepared by evaporation on a fixed substrate (bulk composites) and the nanocomposites, prepared by layer-by-layer deposition of thin layers.
First [14] [15] [16] [17] have shown that MO spectra substan-tially differ from witnesses' spectra, FM alloys and Co. The TKE spectra demonstrate a strong nonmonotonous dependence on the metallic volume fraction with a crossover at the percolation threshold. In the near IR range we observed appreciable enhancement of the TKE in the granulated system which occurs near to the percolation threshold.
Studies of MO properties of amorphous metal-dielectric bulk nanocomposites have shown that changes of MO properties in all our systems with increasing concentration proceed virtually identically [14, 15] . The TKE spectra of nanocomposites of all systems demonstrate similar frequency dependencies, varying only in details, namely by magnitude of the effect, as well as position of maximums and zero points of the effect 10 ) and in Co with decrease of light energy the TKE magnitude decreases to zero (δ ≈ 0 at hν = 0.7 eV), in nanocomposites the effect changes sign and reaches extreme negative values in the energy range 0.7 -1.2 eV. By their absolute value the TKE of nanocomposites in this spectral interval is several times larger, than in the witness, i.e. pure ferromagnetic alloy. At the same time it should be remembered that in amorphous nanocomposites, demonstrating the largest TKE magnitudes, the magnetic phase content is virtually two times less as compared with the ferromagnetic alloy.
The TKE dependence on content of the FM phase is nonmonotonic (Figure 1(С) ) shows the TKE dependence on concentration for the nanocomposite (Co 86 Nb 12 Ta 2 ) Z (SiO 2 ) 100−Z ). The largest variations of TKE demonstrate the samples with magnetic phase concentration corresponding to the relevant percolation threshold. The effect magnitude essentially depends on chemical composition of the granules. Maximum magnitudes of MO response are achieved in the systems with Zr as amorphizator, at Z = 47 at%, in the system with Boron content at Z = 58 at% and in the system with niobium and tantalum at Z = 46 at% [15] . Concentration position of the maximum is determined by geometrical particularities of the composites, which are near percolation threshold-minimal thickness of the dielectric barrier, through which the tunneling of polarized electrons is going between the FM granules.
Evolution of the TKE magnetic field dependence with increase of the FM phase content is also similar in all the systems studied [14, 15] . As example in Figure 2 are shown the TKE magnetic field dependence of a series of nanocomposites (Co 86 Nb 12 Ta 2 ) Z (SiO 2 ) 100−Z , measured at hν = 1.42 eV (normalized). Three concentration regions can be seen which correspond to different magnetization processes. The first group of samples with low content of metallic phase Z < 46 at% demonstrates linear growth of TKE with increase of magnetic field up to H = 1.5 kOe.
Such behavior of the (Н) curves testifies to superparamagnetic type of magnetization, what is typical for samples up to percolation threshold. For these samples the size of equilibrium granules is 2 -4 nm. For samples of the second group with Z within 46 -55 at%, the (Н) dependence changes, acquiring features typical for bulk ferromagnets (witnesses). At that the size of the granules in this structure increases up to 5 -7 nm. Nanocomposites of the third group, that are beyond percolation threshold (Z > 55 at%), demonstrate magnetization of a ferromagnetic type. For them magnetization process ends mainly in the field up to 1 kOe. Such behavior of the (Н) dependences may be explained by microstructure change dynamics of our nanocomposites: in structures with low ferromagnet content (Z ≤ 46 at%) the metallic part of the nanocomposite represents independent granules, noninteracting with each other, their magnetic behavior close to the superparamagnetic type; with increase of the ferromagnetic phase content the dielectrical interlayers, which divide these regions, become thinner, thus interaction between granules becomes possible and the ferromagnetic contribution into MO response of the structure increases. The increase of the ferromagnetic contribution may be also caused by growing size of ferromagnetic granules. For ferromagnet content around Z ~ 46 at%, i.e. in the percolation threshold, the ferromagnetic component of the sample is magnetized as a large single cluster, but apparently, there are also small separate magnetic clusters, which do not interact with each other, and add a superparamagnetic contribution into magnetooptical response of the nanostructure.
Investigation of magnetoresistance and magnetostriction [15] of the same samples have shown a correlation between maximum magnitudes of the giant magnetoresistance (GMR), transversal Kerr effect (TKE) and magnetostriction of constituting FM granules (Figure 3) . With linear increase of saturation magnitudes of magnetostriction of ferromagnetic inclusions, when passing from CoNbTa to CoFeB and further to CoFeZr both GMR and TKE grow linearly.
The observed correlations between saturation magnetostriction of the ferromagnetic phase, maximum magnitudes of the giant magnetoresistance and the TKE are caused by one and the same mechanism and may be related to increasing contribution of d-electrons and magnitude of the spin-orbital interaction in the series of granular nanocomposites CoNbTa CoFeB CoFeZr. It was also established that in nanocomposites of this type the dominant charge transfer process from granula to granula is by mechanism of hopping conduction of electrons across the dielectrical barrier [14] [15] [16] [17] . Density of states of the polarizerd d-electrons near Fermi level depends on the granule material and it grows in the series of granular nanocomposites CoNbTaCoFeBCoFeZr, what as a consequence, leads to increase of magnetoresistance, magnetostriction and MO effects. Thus, MO methods allow to follow the changes of a nanocomposite structure and determine percolation threshold in nanocomposites by maximum magnitudes of the effect in IR region, and by deviation from linearity of the δ(Н) dependence.
Calculations of the MO spectra using different effective medium approximations show that the observed changes in the MO spectra can be described using the optical and MO data typical for the bulk materials, both of grains and the matrix, but taking into account the size and shape of the particles. Thus, MO response of a composite medium depends on the form and size of granules, and its amplification near the percolation threshold is caused by changes of optical and MO parameters under influence of topology and modifications of nanocomposite microstructure [14] .
Since the composite layers were supposed to be used as magnetic layers with thickness of the order of several nanometers in multilayer films of nanocomposite/semiconductor type, so there emerged a problem to follow the changes of MO properties of the nanocomposite itself with variation of its thickness. 
Samples. Preparation and Structure
Bulk granular amorphous films containing nano-dimensional clusters of the Co 45 Fe 45 Zr 10 alloy randomly distributed in the insulating amorphous matrix Al 2 O 3 were prepared in argon atmosphere by ion-beam sputtering of compound targets, containing both the ferromagnetic and the dielectric components, on pyroceram substrates. The choice of a rather complicated composition of the granules Co 45 Fe 45 Zr 10 was determined by the requirement to stabilize the amorphous structure of the ferromagnet at room temperatures.
During simultaneous sputtering of both the metallic alloy and the dielectric from the compound target a fragmented structure forms composed of metallic amorphous granules imbedded inside the dielectric matrix, a wide and continuous range of the ferromagnetic phase concentrations x from 30 to 60 at% being obtained. The manufactured film samples were about 4 m thick. When the concentration of dielectric was maximum the average size of ferromagnetic granules sputtered on a static substrate was 2 -4 nm. With decrease of the dielectric fraction content the size of ferromagnetic granules increases, and in nanocomposites with large concentrations of the metallic phase (x = 50 -60 at%) it becomes 5 -7 nm (Figure 4) . Deposition of solid nanocomposites was performed in vacuum 1 × 10 −5 Torr onto non-cooled fixed pyroceram substrates.
The layered granular amorphous films were deposited layer by layer onto rotating substrate by the same technology as the multilayer films [5] . Varying the rotation speed of a special device ("carousel"), on which the substrate is fixed, it is possible to obtain various thicknesses of nanocomposite layers. Number of "carousel" revolutions corresponds to the number of deposited layers, what allows controlling the total film thickness. The thicknesses of the layers in the layered granular films were 1 -2.7 nm for the 1 st series and 2. Here I H and I H=0 are intensities of the light reflected by the magnetized and non-magnetized sample correspondingly. The measurements of TKE were performed using a dynamic method developed for measuring MO-effects [18] in which the remagnetization of the sample by the AC magnetic field leads to a modulation of the reflected light intensity, the depth of which determines the magnitude  of the MO effect. The TKE spectra (h) and the magnetic field dependence curves (H) were measured in the 0.5 -4.0 eV photon energy range for the incidence angle  = 70˚ in the AC magnetic field of 78 Hz frequency and amplitude up to 2.5 kOe.
Experiment and Discussion
The TKE spectral and magnetic field dependence in layer-by-layer deposited structures of 1 and 2 series and the bulk composite are shown in Figures 5 and 6 . Similar to the previously investigated nanocomposites the bulk composites demonstrate substantial modification of the ТKЕ spectra shape and magnitude according to the FM phase concentration and appearance of a big negative effect in the energy range below 2 eV, with concentrations near percolation threshold and smaller. Yet the form of spectra curves substantially changes when we pass to the layer-by-layer deposited nanocomposites.
Thus in the series 1 samples the ТКЕ is negative in the near IR and visible range (0.5 -3.25 eV) and only on condition that Z ≤ 33.1%, what is similar to the TKE spectra of the bulk nanocomposite with the same concentration Z. With increasing FM phase content (Z ≥ 36.4 at%) the shape of the spectra appreciably changes and becomes similar to the TKE spectrum of the bulk (Co 45 Fe 45 Zr 10 ) Z (Al 2 O 3 ) 100−Z with concentration Z ~ 64 at%: the negative sign of the effect was observed in the energy range up to 1 eV, and in the rest part of the spectrum (1 -3.5 eV) the TKE is positive.
In the TKE spectra of the 2 series samples up to concentration Z = 36.4 at% in the visible light range a negative effect was observed, what corresponds to the spectra of bulk composite films, but in the IR spectral range there is seen a positive peak of the effect uncharacteristic for bulk nanocomposites. At the same time the maximum magnitude of the TKE in the IR range is several times larger than TKE amplitude in a similar content FM phase samples of bulk nanocomposites with increasing the FM phase concentration the positive effect in the IR range sharply falls, and in the rest of the spectrum the effect magnitude grows. At Z = 41 аt% the 2 series samples demonstrate the maximum magnitude of the effect, twice as large as in the bulk sample with the same concentration. With increasing concentration Z up to 64 at% the TKE spectra of both series, deposited by layer-by-layer procedure, become analogous to each other and similar to δ(hν) in the bulk nanocomposite with Z ~ 60 at%.
Changes of the TKE magnetic field dependences of the layer-by-layer deposited samples show the same tendency as the bulk nanocomposite-with increase of Z content the magnetization curves evolve from a superparamagnetic type to the ferromagnetic one (Figure 6 ). Yet if deviation from the linear (superparamagnetic) type is observed in the bulk nanocomposite with Z ≤ 48 at%, then in the layer-by-layer deposited composites it takes place at Z ≤ 36.4 at% for the 1 st series and 41 at% for the 2 d one. Such behavior of the magnetic field ТKЕ dependences, together with the observed ТKЕ growth in the near IR region and modifications of the ТKЕ curves shape-all this points to the fact that percolation threshold in the layer-by-layer deposited composites moves into the region of lesser FM phase concentrations. So, taking into consideration all the above resemblances and differences between the layer-by-layer deposited samples and the bulk nanocomposite, one can say that not only the metallic phase concentration affects the МО response of the systems, but as well the thickness of the composite layers essentially affects the magnetooptical properties of nanostructures.
The changes in the preparation technology of the structures lead to changes in microstructure (topology). This results in another grain sizes, different number of contacts between grains, and, therefore, the MO response also changes (Figure 7) .
The film thickness is predetermined by the substrate rotation velocity around sputtering targets [5] . Between depositions of each layer some time elapses, during which the thinner film will be cooled faster than the thicker one. The bulk composite was deposited onto a fixed substrate, so the structure formation temperatureremained the same. Supposing that during cooling down of thin layers formation of the granules proceeds differently than in the bulk composite, it will be logical to as sume that the size of the granules in the layer-by-layer deposited samples is smaller than their characteristic size in the bulk composite. Thus, the probability of the granules to contact each other becomes greater when sizes of the granules diminish. That is the system with most thin layers should have the percolation threshold at smallest Z values among all the studied systems, which is what we observe in experiment. Figure 8 shows the TKE-concentration dependence for all our systems. It is seen that in the near IR region (Е ≤ 2.55 эВ) all the systems demonstrate a non-monotonic ТКЕdependence on FM phase concentration, the greatest changes taking place in the percolation region. Yet if for the bulk nanocomposite the shape of the curves does not depend on the light wavelength and all the curves show peaks at Z = Z per (where Z per was obtained from magnetic field dependence), then for the layer-by-layer nanocomposite the shape of the curves δ(Z) depends strongly on the light wavelength. At the same time for energies Е ≥ 1.22 eV the series 1 near Z per exhibits only a local minimum on the curve δ(Z) that grows monotonically with increase of concentration Z, while for series 2 the local extremum at Z = Z per is observed in the energy range 1.22 eV ≤ Е ≤ 1.73 eV, at Е = 0.76 eV and 2.55 eV the local extremum shifts into the lesser concentrations region, and at Z = Z per a zero crossover is seen.
More complicated nature of the concentration curves δ(Z) for the layer-by-layer nanocomposites is an evidence of their greater heterogeneity. This is also witnessed by dependence of the δ(Н) curve shape on the light wavelength and appearance of anomalous ТКЕ magnetic field dependences measured in the near IR range. Figure 9 demonstrates anomalous field depend ences for several samples of the series 1. The appearance of these anomalies can be explained if we assume that during fabrication process there are formed not only magnetic granules with the size smaller, than in the bulk composite, but also rather big FM clusters, which add their contribution to the МО response of the whole system. In other words we can say that anomalous curve δ(Н) is a sum of contributions of two magnetically different phases: a ferromagnetic and superparamagnetic one, at that the superparamagnetic granules produce TKE of one sign, and the ferromagnetic ones of the opposite. Thus in small field there appears a sharp saturation for the ferromagnetic phase, and with increasing magnetic field a superparamagnetic phase begins to saturate, for which the TKE have opposite sign, what results in reduction of the cumulative magneto-optical response. Taking into consideration that in the whole investigated energy range the TKE in CoFeZr is positive, and in the nanocomposite (Co 45 Fe 45 Zr 10 ) Z (Al 2 O 3 ) 100−Z in the region before percolation-negative, we can suppose that FM contribution in weak fields is associated with remagnetization of big CoFeZr clusters, and superparamagnetic contribution (in stronger fields)-with magnetization of the whole nanocomposite. By competition of these two contributions we can apparently explain a shift of the TKE spectral dependences for the 1 system into the positive region at Z > 36 аt%, relatively the bulk composite (Figure 6 ). For the 2 system with increase of the deposited layers thickness the contribution of big CoFeZr clusters becomes smaller, and a more complicated dependence of concentration vs. wavelength is observed. To sum up, the experimental data obtained for the systems of nanocomposites deposited by thin layers, proves that shape and dimensions of the granules in nanocomposite layer depend on the layer thickness; the microstructure of layers is essentially different from the microstructure of the bulk nanocomposite. This should be taken into account in analysis of experimental data for multilayer nanocomposite/semiconductor systems.
Conclusion
We have carried out studies of magnetic and magnetooptical properties of (Co 45 Fe 45 Zr 10 ) Z (Al 2 O 3 ) 100−Z nanocomposites, prepared by layer-by-layer sputtering of thin layers, over a wide range of layers thickness and concentrations of the ferromagnetic phase. There has been found a strong influence of preparation technology and technological parameters (the resulting layer thickness, ferromagnetic phase concentration) on magnetic and magnetooptical properties. Evolution of the spectra and found anomalies of the TKE magnetic field dependences for a number of samples strongly suggest that the films are magnetically heterogenous, and along with small isolated Co 45 Fe 45 Zr 10 granules in the layer-by-layer deposited nanocomposite there are rather big FM clusters. In the layer-by-layer deposited composites, there was found a shift of the percolation threshold in the direction of lesser FM phase concentrations, the greater shift found in films with lesser layers thickness. It was proved that both size and shape of the granules in the nanocomposite layer depend on layer thickness, and microstructure of the layer-by-layer deposited composites considerably differs from the microstructure of the bulk nanocomposites.
